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Aerospace Engineer, Structural Mechanics Branch, Structures and Dynamics Division. 



LANGLEY CSM PROGRAM 



! 


< 

cc 

o 

o 

IX 

CL 


CO 

o 


LU 


o 

z 

< 


2 © 
o -* 

E o 
-*-■ 5 
co 

co 

I.| 

2 "co 

cfl O 


■o -o 
3 o 
o t 

f* 

§5 

O) 

c > 
0 

*° D> 

(0 .E 


CO 


-o 

c 


s ° « 

g-s 

o o 
E 5 

CO d) 
r~ 

O) £; 


CO 

"D 

O 

XI 

a! 


&sl 

_ =1 T 3 

^ o a> 
2 w ^ 

O <D 


CO 5 
O 

« % 


Cl) 

_c= 

5 

o 

i— 

o 

E 

o 

H 


o © 

3 T 3 


CO — 


CO 

— CO 

2 s 


"D 

CD 

(0 

CO 

a 

co 

TD 


co o 
x: xd 


“O 

0 

0 


-»— * 

on 

E 

0 

$ 

u. 

Q. 

ID 

Q. 

C 

0 
-*— * 

E 

0 

CO 

E 

5 

x: 

o 

0 

o 

O 

o 

x= 

2 

0 

z 

-C 


CO 

0 

•O 

o 

>s 

in 

c 

CO 

c 

-I-* 

0 

O) 

0 

DC 

0 

. 9 ? 

c 

o 

c 

0 

_J 

0 

c 

o 

o 

0 

“D 

O 

*c 

c 

o 

TD 

0 

E 

£ 

£E 

0 

x: 

1- 

o 

o 

0 

2 

> 

XD 

-E 


« g 

o E 
$ 

0 as 
> ~o 

CO LL 
v. 

<D T-t 
Cl TD 
O CD 
O w 

° o 

® -o 

E "2 
o CO 

CO 

0 

0) 

GO — 

si 


o p 

co 5 
0 

CO - 

E o 

c 

2 2 
CO CD 
O 

co 

>, o 

« E 

■i 2 

>% 


© 


o 

V— 

CO 


0 

c 

w 

0 

1 


27 


Jl. jL 


OUTLINE 


o 

CO 

o 



i 




o 

co 

a> 

c/> 

a> 

DC 




■o 

c 

CO 

(/) 

a> 

3 

o 

a> 




o 

5 

co 

CL 


V) 

E 

a> 

JQ 

o 

CL 

</> 

3 

O 

o 

LL 



(/> 

O 


</> 



(/) 

0 

DC 


CO 

o 

■ MM 

CL 


28 


Future Directions 


LU 


5.2 


3 E 
o o 

O V- **- 


(0 


2 5 

5.1 

0 

g5 

E co 

CD 

•t; T3 

c 

<D 3 

m ° 

_C O) 

h- -* 

o 

CO 

0 ^ 

E 0) 

+= -Q 
=5 (0 
O .±^ 

3 

.0 0 
£ CO 

c 0 

O "D 

i'l 

o a 

■C CO 

w « ® 
w = c 
E <1) fc 

® $ .- 
.-t; © 


° <0 
CD — 

I 3 

S 2 


o -a 
o 

a> — 

Q_ 0 

E ^ 

CO T3 
CO 


<v 

1— 

o 

E 


© -a 

©■> 
— o 


3 52 

|5 

< E 

0 

E 


0 

0 


0 

0 


E 

0 

0 


0 

0 O 

£ 0 
0 
0 
0 


“O 

“a 

0 


-»-» u/ 

■s ~ 

JSC 0 

0 JZ 
0 

Ql o 
0 

© S 

1 § 

0 


0 

0 


5 5 

■D ° 
N© 

C CO 

«t3 

S’ <13 

o Q. 
co 

0 0 


O 

0 *0 

~ E 

0 

l— £ 


o "o _ 
Jd © 0 
E o 
a o> 


E 

0 

0 

*♦-» 

v_ 

0 


CD § 
0 0 
0 
0 
0 


0 

O 


=3 . 

_ 0 O 

O 2 © 

CD _ CO 
r- 0 

o 

^ CL *0 
O >JI 


29 



PARALLEL STRUCTURAL METHODS 


CO 

"0 

O 

0 

E 

GO 

‘co 

03 

<5 CO 

03 <5 


- fr — 1 O 

o §■ 
=3 E 

E O 

co o 

g- 1 

CD 2 
> 0 
-S CL 

o o 

h- H - 


03 


o 


0 

0 


0 

0 

0 ) 

Q- 

0 

E 

0 

o 

0 ) 

o 

C 

•+— ' 

0 

0 

"0 

E 

C 

0 

0 

0 

CL 

-0 

E 

O 


r 

■0 

H— » 

CD 

c: 

0 

E 

CL 

c 

O 

o 


• HI 

0 

> 

-4_j 

0 

0 

o 

■0 

0 

c 

r\ 

0 

0 ) 

o 

‘0 

*■+— » 

0 


Q 

0 



0 


E 


o 

m mmmm 
> 
C 
0 

0 ) 


0 

0 

0 

o 

o 

Ql 

15 

"0 

V _ 

0 

CL 



0 

"0 

O 

0 

E 

15 

"0 

0 

Q_ 

0 

0 

CL 

E 

o 

o 

■0 

c= 

0 

0 
H — 1 

0 

_0 

0 

> 

LU 


0 

E 

_0 

-Q 

O 

Ql 

0 

0 

o 

o 



0 ) 

c 

_> 

o 

0 

.0 


■ ■ 

0 
> 
H — ' 

o 

0 

la 

O 


o 

0 

O 

CL 

CL 



30 


Incorporate methods in testbed software. 


PARALLEL STRUCTURAL METHODS 


W d) X) 
Q) -C <D 
C h- (/) 

Z « 

O . 

W ^ 


o 

CO 

CO 

0 

o 

o 


c 

o 


o 

0 

c 

c 

o 

o 


E CL 

“ <D 


P O m o 


0 ) 

Q. 

3 

E 

0 

o 

c 


CO 
O -- 
•43 CO 
CD ^ 

o 00 

0 0 

-C to 

^ CO 


CO 
>- 
< 
cc 

O (0 

ll 

2 t 

0 ) 

i: 

h c 
o 00 
E "o 

O <D 
+* © 
X) ^ 

c w 
CO sz 

>*. 5 > 

(0 -C 
■O . 

o - 

0J 


0 ) O 


go 


CO £ 

c .2 
co 

© © 

co > 

if) O. 

© ^ 

J 2 © 

o © 
0 “O 


o 


O) 


CO 

0 


CD 


0 »- 


0 y 

CD © 

1 o 
o 

0 2 


£ co 

3 £ 

CL 

E c 
o 
o 

■a 

CD 

a 
c 
co 
> 

“O 
CO 


c 
co o 

O 2 

CO o 
CO 43 
CD CD 
O -Q . 
O 0 
Q- "2 3 

© 

©> w > 


co .E 


co 


0 a> 

C TO 

0 8 3 

c 


o 

E 

E 

o 

0 

0 

c 

o 

0 


0 

E 

1 — 

o — 


© © -3 


h- co 


o 

_ -C 

c © 

.5 s co 

v_ 

_ 0 
0 O 3 
O. CL 

■o F 
ogo 
cl 2 
® © © 

E c 3 

“ O CO 


0 

0 

C 

■O 

c 


•- 0 
0 — 

-5 CO 
0 *- 
C 0 

0 CL 


d 52 

1_ =3 <Si 

© o O 
a. iz © 

E © £ 
0 Cl h_ 

2 0 o 

© © » 
CL > © 

3 © > 

W T 3 *5 

o .® 


© 

sz 


jo 

o 


.E X) -c 

' 

0 

^ 8- .2 

o o 

_D 


0 


J) 

0 


0 

L. 

0 

3 

CL 

E 

o 

o 


is 

E O 

gw© 

o © 

2 2 © 

H= Q- CL 

I ^ © 

© C CO 

O © © 

w E £ 


"O © 

m © 
CL-C 
CO 

— $ 

CO 

© © 

o>g 

_c © 


0^-0 

r 0 


O 


C 

0 

> 


3 

CL 


0 

O) _ 
0 0 
0 
in 
0 

-o OC 

« CO 

0 ■§ 
0 ^ 
0 


i w 2 


© 5 « 

> o — 


> 

0 

5 

o 

X 


O -H-» 

-r o 

^ 0 i 

E co 


0 


0 


00 ^ 

c= 

ooi 


0 


0 


c 


0 


0 


0 


0 9 ? 


31 



PARALLEL METHODS RESEARCH TEAM 



< 

LU 

H 

X 

o 

IT 

< 

LU 

0 

LU 

X 

CO 

D 

O 

X 

h 

LU 


LU 

—I 

< 

X 

< 

X 


0 CD 

.i i 

•4— » L. 

1 O 

t: 5 

05 

CL © 
03 


“O 

c 

05 


CO 
1— 

0 

_Q 

E 
© 
E 

E 

© 

-*— * 

© = 
E < 


o 

CM 


© <? o 
F .E © 

© 2 - 
S ' 0-0 
2 w r 

tt I o 

c o t 

=3 d 

O o - 

O o)C 

W § o 
° ® CO 
© 

x: >, c 
- O 


c 

o 


o 

CO 

0 

0 

0 

CL 


c 

0 

T3 

0 


$ ~ -Q .2 O 

-HJ 


£ -O 


05 

0 g- 

■O 0 ),^ 
0 co U-I 
X> 0 


© tS 


S'*? 

0 3r 
O 
co 

<D "O 
*0 
13 


0 


O 

C 


co “O ~ 

© -o 
0 0 

2 O)^ 

0 5 0 

-Q "O 
0 ) C 

co 3 
0 
0 


0 

4-» 

0 

O) 

P 

E 

o 

O 

0 

0 


§£ 

U 

0 

> ^ 
O O 
CO CO 
CO 

"O 0 

0 o 

a 2 

if) CL 
0 

** 0 
— C 
0 O 

Ig 

3 
CT 
0 


0 

0 

XI 


5 5 


© 

o 

g 5 

m O 
CL 0 
0 


C % 0 

0 m 0 
0 £ CL 
_Q 0 O 

2 © 
® o> > 
> © 
« o -O 

fil 

.1 I, <0 
6 “5 

“ 8 2- 

_ O := 

Q! E ]q 

= 0 ift 
2 — 1 Q_ 

£ ® o 

0 | 3 

o 


C p 5 


C XI 


x: o 


Is 
0 
_c £ 
o 0 

0 8 
0 -2 

0 

© 0 
C 


0 

O 

c 

0 

E 


0 


+Z g Q- 0 
0 
C 

o 
o 
0 


0 


0 £ 

-i 


0 

"D 

O 

sz 

0 

E 


o 

0 

u 

0 

Q. 


_ 0 

2 E 

=3 O 
O ° 

E "D 

■4-* d 
© 0 


0 C 

= 2 
0 hz 
v- O) 

0 

0 CO 
_c= < 

I— z 


0 © 2 

CL 3 

0 0 ° 

~ 0 © 

0 x: +- 
> -~ 

2-.E 

CL O 

E ^ -o 


0 


0 .E 


0 

> 

0 

0 


“O 

cr 

© 


© 

~ 55 .2 
CO o "O 

"S C 

O 0 


0 

E c 


0 

0 


E 

CD 

if) 

in 

3 

0 

o 


>x"° 
^ © 
c -Q 

0 0 
O 0 

M— 

*E 

05 0 

0 > 

v_ 

x: 

o 0 

*F 0 
“E 0 
5 0 
o 
0 

0 0 
CL C 

■2 o 
0 0 
> 

0 c 
"O -- 

C 0 
0 C 
0 0 
JD 

0 


.2 O 

-4- - - 0 

p 0 JD 
«-» 3 
=3 0 
Q_ 


C C 

.2 E 
P 0 

O X> 
0 

C 

0 o 
o> 

C 0 
o o 
0 

- 0 
”G 0 

0 o 
o 2 

0 Q. 
CL 

X c 

0 g 

V-* 

0 0 

© 0 
_ c 

3 © 

x> °> 

X 

0^ ii 
~ 0 
E 


0 

0 


0 


E ■© 
o © 


° E 


0 
O 
0 

w © = 

I< 

> 

C • 
0 ^ 
o> o 
0 


_Q 

CO 


0 

o 


o c 

2 0 
k- JZ 

o § 
o > 

T3 
O) 0 
C O 

S'-S 

D> © 


N 0) 
o a) 
= Q- o 

©30 

^■g a- 
0 


0 

"O 

O 

x: 


0 


if) -ZZ 


c 
o 

o ^ 
0-^0 
E c H ” 

5 c 

s! > 


"D ® 
0 -0 

5 O 
0 

I— 0 

— a 
0 0 
CL 
C X 
0 0 

O' ® 

g « 
© 

© © 
£ E 


o 

3 

4— 

-*—* 

0 

-Q 

3 

0 


0 c “O 
= > 0 
0 g CL 

0 J= — 
CL 0 0 
> 

C if) 0 
O 0 "O 


if) 

0 

o 

x: 

O 


0 - 8 

0 S § 03 o 

c ® 1 -D § 

§ cLg -2 
£ 2 © ® 

3 0)^ 


© 

ffi 

0 

CL 

O) 

c 


0 

CL 

0 

3 


0 


.3 0 
0 

"D © 

0 £ 

-4-* | 

0 

0 


^ g 0 
E E LU -D 


0 

E 


~o 

c 

0 


%_ w V_ -- 

— rrt -— L- 


0 

"0 

1 — 

0 

CL 


>s.t=! 

S E 

E © 
E CL 

0 

0 

2 E 
^ 0 


0 

4— 

0 


>*Q- 

LU 


C — 

b © - E 


"O 

0 


0 

>N 


Q_ 

E 

o 

o 

0 


3 “O 

o c 
0 

0 
L. 

0 


>4 

0 


Q. © 


0 


0 

0 

0 


0 _E 1 - 
■© H 
c 

0 • 

0 0 


0 © O 

0 J . 

at ~ 

4— C 

o © 
x: cr 

O ® 

O) w 
c 


© O -,n 


0 

> 

0 


C 

3 


T3 

C 

d> « 

.E 0 

!= O 


o 
o 

"0 s — 
0 0 

0 == 
0 0 

CL 0 
CL 

© 


© © 
E o 

2 g 

Q. LU 
© 


H 


c 

0 


c ® < 


8 H 


O = 


© 0 


if) 

c 
0 

E 

c 

= o 


X3 

0 
-»— • 
4— 

O 

Q- 

4_ 

£ 

o 


> 
c 
0 

O) 

C 

E 
E 

0 CD 


“O 

c 


© 0 
0 $ 
CLtf 
O 

0 0 
C __ 
O 0 

s ^ 
0 © 
c o- 
0 

S5 
5 - 

O 

0 

0 “O 

5 2 


0 

X 

0 


0 

0 

o 

u 

o 

0 


X3 

0 

-4-» 

4- 

o 

CL 

5 

o 


0 2t ^ 

2 . 0 


0 


o> 
o 

o-E 

0 


E £ 


_r = 6 


0 2* 
0 


© — 
CL 0 


O 

5 

l- 


CT 

© 


W 

>> © 

if 

_ o 
0 

3 g 


© 


© £ = 
a. ©5 


o © 

-«— » k— 
0 

© 3 

2 CL 
o E 

LL o 
O 
c 

T3 = 
0 0 
T3 J- 
O © 
O Q- 


0 


0 

N 

I 

c 

E 

o 

■4—* 

if) 

“O 

O 

x: 

0 

E 

CD 

C 

*0 

0 

0 

4— 

T3 

"O 

0 

0 

>4 

0 

O) 

c 

0 


0 

LU 

CO 

< 

o 


c 

0 

O) 

c 

o 

-O 

c 

0 

T3 

0 

0 

sz 

z*. 

o 

o 


o 

X) 

-•— » 
0 

k. 

o 


33 


time spent for data management and 1/0 by accomplishing these functions in parallel for large 
finite element applications. Finally, an advanced architecture parallel computer design based on 
a chordal ring of Inmos T-800 processors is planned for delivery to CSM in 1989. It should 
contain at least 15 processors each with a 64-bit floating point unit and a peak performance of 
approximately 90 million Whetstones for a total system peak performance of 34 MFLOPS. 
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It is expected that by maintaining the capability to explore methods exploiting a significant 
number of processors as well as implementing on computers exhibiting the maximum speed for 
today, we shall be in a position to have algorithms with the proper characteristics to run most 
efficiently on the fastest scientific computers in the future. 
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FLEX/32 MULTICOMPUTER 
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FLEX/32 20-PROCESSOR CONFIGURATION 
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Local memory Local busses 

4 MB / processor 

































“O © 

o £ 

© 

JQ <D 
CO — 


° F 
co £ 

^ £ 
© a) 
o >, 

2 © 

O) 
O .E 

K ? 
© 

. CL 
if) O 
CD 

co X 

if) -- 

-I 


co 

E D) 

co c 

C)-i= 
O =3 

kg' 


(0 E 

Q- D) 

o 2 

5 CL 


T3 <D £ 
0) .C P 

3 x: c 
(D -1 .2 
5 c 

= >> CD 

|I 

,?E W 

c 3 
„ T3 O 
2 ® 0) 

g * g 

$ "3 

■ § 5 I 

Q_~ W 

x w B 

= O C 

Zoo, 

Z> O £ 

(0 <p 

> C Q. 
J CO 

o TI , 


_ w 
CD J 


Sow 


•II 


= o 

>;< ® 


o E 
co 

ig c> 

^ 2 
CL 
C 

. CO © 
3 CO 
-Q =5 


S 2 

co ’5 
> cr 


— © o 

a) e — 
2 g-o 

Q. ® «J 
£■8 § 


° ^ 
CO m 
CO 2 

© £ 
o ^ 
o 


© O) -O 

SZ O 
V_ CO 

CL 

© 0 
(0 Ot 


CL ^ 

^ co co 

00 (0 >: CO x: 


O 0 Q 0 C 

E c o c .2 

.E B o 2 o 

© 13 Q. D 

E E m E w 

0) — 00 .5= 0 

v- (0 T- (/) 


39 



MULTI-MICROPROCESSOR COMPUTER ARCHITECTURE 

- FAMILY OF LOW-COST SUPERCOMPUTERS - 
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STIFFENED PANEL WITH CIRCULAR CUTOUT 
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PISCES AND FORCE REDUCE 
MATRIX EQUATION SOLUTION TIME 
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Number of processors Number of processors 

Offers portability across FLEX, ENCORE, ALLIANT, HEP, SEQUENT 
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portability to other parallel computers. 
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PARALLEL EIGENSOLVERS REDUCE SOLUTION TIME 
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Preconditioners and Refined Code 
Improve Performance of Equation Solvers 

Solve Ku = f 
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PARALLEL STRUCTURAL METHODS: FUTURE 
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Portability across Parallel Computers 
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The final item is to demonstrate portability of typical testbed processors across several parallel 
computers. Work is currently underway aimed at achieving this goal by using the Force 
extensions to concurrent Fortran (ref. 7). 
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